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[S^^eiS] 0035 

[Xil#^XH 2003.06.30 

im^si gg] ^aixig =?ti\m ±t}s\ 

im^Sl S^SS] METHOD FOR MAKING SEMICONDUCTOR DEVICE HAVING TRENCH 

ISOLATION 

[SSI ^^SIAF mO|H^S>£x| 
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[CH£ieJ] 
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[^^] AiS^^AI SeS^ 01°i£e 37-2 DI^OFEFM A-809 

[^^1 KR 
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mX[ : 2003/10/30 



[mm 



m s^^A^ m 

20 3 

18 s 
0 2 

19 1.^ 
764,000 

1. fi^^AH-SAII 



m 

29.000 
18,000 m 
0 ^ 
717.000 S! 

H(£^)_1S 
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1020030043071 #^ 2003/10/30 

^ ^^-Br ^el-^^ ^'?>*l-7ll ^H*>J1, ^^^] ^^S^ ^^^^^-ir ^1 

7]^ ^ 9X^ H€^1^ 4i;^>^Bl^^ ^wlt!: ^£^1 ^^>^ ^]2i ^^^^ ^]^^}7] 

^^s.. ^ ^^^] ^7}^^^- ^di7i-il- i 

^t}^ 7}^^ o]^^}c^ ^3.^7} 30°~60°S. ^^^^ H€^1» ^^^^>:n.. ^^z^^^s^s -^-^J- 

A^A^z^-^ :e^^io:| ^sui^i z^-£* 50°~80°^^-2-S ia.^<+2)-^ ^ 

£ 2h 
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1020030043071 %^ 'UA- 2003/10/30 

B€^l^ T^wltb ^5-^1 ^^}^ ^J-'^ {METHOD FOR MAKING SEMICONDUCTOR 

DEVICE HAVING TRENCH ISOLATION} 

Q\ H^^l^l ^^Msl 2q-j£ ti^sj-i- ^M]^] ^x\^ 
^Sl-* ^Ml^l ^Ml£. 

£ 3c^ ^^^i<^l ^^^^^ ^^^^ -^^1 ^sH- M-^'^ 3^^. 
£ 4a^ S^<^1 H^^l^l z^-si- 30° ^^^t!: ^-f^ ^>^. 

£ 4b^ 2:^<='fl H^^l^ 45° ^^^tb ^-T-^ ^1-^, 

£ 4c^ ai^ S^<^1 s^Sfl B^^l^l z^si- 90°^ ^^jtb ^-f^ ^>^. 

£ 5a ^^1 £ 5cfe H^^l ^A^] 45°^ ^^^t!" ^ ^^^S^^z^ ^ Bl-o] 

M^^^^ M-Bl-^ ^>^. 
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1020030043071 #^ '^^^l-: 2003/10/30 

S 5d^ ^^^^^^ ^Sn^ ^ efolM^sl-^* ^^m: M-Bl-Ml aV^, 

£ 6a^ £ 5c^ el-'^m^sl-^ ^^^s!^^^ ^iTltb M-b)-'^ a>^, 

£ 6c^ TflolH-a-^^ ^^^^^ ^^1- M-Bl-^ A>^, 

£ 8^ 51)^^5)-^ ^E^^o] ^A^<:g^S. ^s).^ £1^. 

Sl^ ^ ^^^^1 B^^l ^z]-Al ^^ui z^£(45°, 30°, 90°)!- ^^s>7l 

21 : y]^ 22 : 

23 : 311^^ 5)- 24 : ^Af«J-^l^ 

27 : H^^l 28 : ^^a>5|-^ 

29 : £l-<^m^5|-^ 30 : 
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1020030043071 %^ 'U^}: 2003/10/30 

<23> ^a]:^ o.^ tiVi^l ^^1^ 4i^>^2^^^ (Isolation; ISO)^ LOCOSCLocal Oxidation of 

Silicon) PGI (Profiled Grove Isolation) f-^f ■i-^j-^<a «o^^^ ^l-§-^H 

<24> ^6\]X] L(X:OS ^■^^'^g^^ t!:^^>^ ^5}- ^s^^ 

(Nitride)^ ^£^l7l:&>^oll ^^J*>Ji. iJ^el^tnsflsl (Photol ithograpy) sflEl^^Voi 

-g-s]^ ^:^^5)-^^(Field Oxide)^ ^^^^tf. 
<25> LOCOS ^^^^1 ^^^>:n., ^^sq- -^^1- ^^1<^1 ^s^^ ^ 9X^^ 

^ ^^1^, ^^'^rsl-'^l ^tb ^11^s1(Bird's beak)7> ^^^Sj^H ^ 

^ a>:£^l4i;^># ^e^^>^ :1i;^>^b1^^ 3.71 £ ^?11'a(scaie)^^ ^^s^^ -i-^i-^ 
LOCOS, PBL 4i^> ^ ^-B-'=>1 "^l^Tfl £]$icf. 

<27> oH ^^*>7l ^^fl STKShallow Trench Isolation) "J-'^^ «]:£^l7l:S^<^l ^S. 

7Si]7]3^s\. ^zl-^^al7l- <a=31tb ^51-^^ ^>^D>>i3.(Hardmask)S. ^}-%-^}7] 
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1020030043071 ^^ '^^}- 2003/10/30 

(trench)* ^, ^ 7] :^]^<^^xl} {Chemical Mechanical 

Polishing; CMP)^>'^ :g.^^H] ^H^s]^ ^:^^<?l^i-^ ^^^tb4. 
<28> £ la ^ S. Ib^ #5fl 7l^fll B^^l ^2:^ 4i:^>^slB^ 

<30> ^l^^Ai, ^^^>3Jl^-i: r^^B^tl- ^, 3)]^Al.5l.nl.(i2) Alz^-^ x^^^ ^1 ^7] 11)^ 

<31> I1E)J7 q-A], ^^A].5l.n^(15)^ ^igoll Sj-'^IH ^S)-^(16)^ f^^^^ ^. 

7j^*>-£^ ji^£#2l-sn>«j-A]oi >a:^^(17)^ ^^^Vcf. 
<32> :£ ibol] 5.Ai^ Hl-iq- ^o], 2(l:^^^^(l3) S^^l ^&|^afl^/>^l <:}:S|-^(17)^ 3l-s}-^7l 
^l^^pl-3^1-<^ ^51-^(17)^5. € ^^^t!: ^, 2l]^^2l-B^(13)54- 4^^5|-^H12)# 

<33> ne^ul-. ^2fl 7l#^ S^^](14)l- ^^^*>7l ^tb ^^^^^ ^2l-^^(Top rounding) 
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1020030043071 ^^ 'U^}: 2003/10/30 

<34> o]^^, 3ll^^sl-^(13)^ 3n^^V5)-^(12)^ ^iTl^V^ ^^^^91 ^y^}^^^a7)3] ^3. 

o] a-fH(M)S. 9in TflolH^^^ ^^^*>7l^«]: #el^Bl^B|- ^aj-^ :<H Aiz^-Jfofl:^ § 

7} ojcf. ^, ^s^7> nfl-f 7>sl-s7il ^^^^ -^J-^-^HI^i ^«S^<H1 tq-el- 

<35> at!:, #2fl H^^l(14)* ^^j*>7l ^t!" ^^^^^ ^^^^^^ ^171^^71 ^ 

<36> ^ ^t^^ ^7]^ f^Efl 7l#^ ^^1^^ ^^S>7l oV#t!: ^2^-^^ 

^1^1- ^ H^^l^ ^^V^B^^I-* ^WltV ^£^1 ^^1-^ ^12: ^l^^m 

nil n ^^o] oX€\., 

<37> a*}., ^ ^Vt^o) cl-^ S.^^ E^^] ^z]-^: ^Ag^ ^l7l^ ^ 9X^ 

^1^ :ii^>^e]^* ^Hltl: -^t^l ^l^^V^xHl o;i4. 

<38> ^^^^1-71 ^t!" ^ ^£^1 ^^>^ tiVS^l 7] 
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1020030043071 ^^ *^^>: 2003/10/30 

^\-%-^\^ ^7] «V£^1 7]^^ i:.*^ B^^l# ^^^*>^ ^^1, -^M B^^l 

^7^]^ ^<=>]S. ^^ifi-^^S]- «g^7>il- 5t^*>fe 7>>il- ol-g-^>o^ >^V7l H^^l^ ^SMl- 35 
°~55°S ^^lAS. ^7l ^^Z^^^S^l- ^«J-A^Alz^-^ ^7] E^^lo^ 

<39> nelJl, ^ aV£^l ^^>o| tij-i^ o. aV^^l 71:^: ^olS ^^*> 

<^ ^sui7> e}^^^ ^^^^Vfe ^^1, ^7] H^^m ^^z^-^^Els^Vo^ H^^l^ 

^71 nll^3:>£S. 7j:g^o^n^^ ^^^^l"^ ^^1. ^7] ^S.^ 7]^ S.^^ i^^^l^l^ 

^ ^7] ^^^A]^]^ ^7^1, ^7] tiV:£^l 7]:^ S.^ ^sj-^^ 

<40> ol^V, ^ ^t^o] ^^V^ 7l^^oHlA-l ^^oj^ :^]^^ 7]-^ ;^>7> ^ ^^^^ 7]^^ 
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1020030043071 %■^ ^^j-: 2003/10/30 

<4i> H 2a S. 2h^ ^ ^^1<^1«11 i4€- H^^l^ 4i;^>^eleV^ tiV^^ld^;^]-^ 

<42> :£ 2a<Hl ^^]^ w>5q- :y-ol, -^S^^ 71^(21) ^^^:^^(22)^ ^^^^^-^(23)-^ 

^^V^^S. ^^^tbcf. <^7lAl, 5iil=.^2}-B^-(23)^ oi^o^ Aiz)- 3r>zL SEtb <^1^ 

21 S)-*}-^7l7j]^<gcl-(CMP) ^^^1 o^u> ^^^(stop layer)2] w}-#^s:>7fl sfl^^]- 

^^(22)^ lOOA ^^^11- ^e)€-^^^^(Si02)^l^. 3fl:B^5)-^(23)^ 300A~2000 

A 7}^]^ ^e^^^2|-mSi3N4)*^lcl-. 

<44> CV^-^S, tiVA>«J-^l^(24) ^^^^ S.i*>:il ^ ^^-^S. 3llE^^*>0^ :^^V^ 

Sl<^^^ ^^*>^ ^^^3fl^(25)^ ^^^t!: ^. ^^^^^(25)^ ^z]-u>^as. o]-§-^H ^ 
A>Hj.xlnV(24). 2fl^^sj.uv(23) ^ 3fl:cAi.2].Di-(22)^ ^^>2i^S ^^tl-^-. ^1^1-^ -^^^^ 

<45> ^^7;\^ ^^^3fl^(25)^ <ilz^D>ia.S. ol-§-^l-<^ «}:^>«oM^(24)^ ^^z^-^V^ ^^1^, 

CHF3/CF4/Ar/02^ ^^7>^1- ol^s:>o^ ^^^}^ , ^^1 ^]'^9l EOPCEnd Of Point )S. ^ 

^^S.^]^-^ ^^>7ll ^cf. <^1€- -i-^H, recipe)* M.^. ^zl-7>>iS.^ lOsccm 

~30sccm -B-^^ CHF3. 20sccm~30sccm -R-^s^ CF4 5sccm~20sccm -R-^^ 02* 
^^^>a^ ^>-§-*>^, ^^^>^ ^>-§-^ °fl ^tl-7>>x^ ^xfl^^ CF47I- ^cf. 
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1020030043071 %^ 'U^}- 2003/10/30 

<46> ^^\^^^]^m) 2fl^^5l-e^-(23)* ^z^-^l-^cll, ^^7}^^ ^ 

A>tij-xlnv Aiz^ ^o^^Y^ o^li- s-o^^ CHF3/CF4/Ar/02^ ^^7]->il- ol-g-^>o^ ^^^}^ , 

#^1 ^l^-a EOPS. ^z)-#SAl^^ ;^^>7ll ^cf. w].^zi^>7ll, 5sccm~30sccm -B-^^ 
CHF3, 5sccm~15sccm -R-^^ CF4 SE^ Osccm-lOsccm -6"%=^ 021" AV-g-^>jI, ^^7> 

^tfl^^ CHF37> ^cf. tb^, ^^q- 3r)]^^3^n^(23) a1z|-a1 ^1-«-o] s11:^a].5|.b^(22)£ 

<47> 2fl:c^Sj.q.(23)0) ^^«>^Cil. al).S.^Z^-^ ^^.^^^23) ^ ^fl 

;H«fl^7l ^tlr ^-^S, CF4/Ar/02^ *^7>:^«- ^V-g-ttcf. 
<48> t^-^^S., B^^l» ^^11- ^^^}y] ^7] ^e]-^:£(26)* ^^^^>^ ^/^l 

» ^el-^:B(26)l- ^^^^>7l ^«fl CHF3/CF4/ArS^ ^^7>>i» ^l-g-tbt^. 

<49> IE 2b'^l :y-ol, ^^tb w]-^ ^<5l sllH.^S|-B^-(23) ^<H] 

^v:^n|-3ifl^(25):2l- ^^V^J"^! ^^(24)^ ^B^^V^cfl, ^^^r oj^^l-^-. 

<50> cf^A^, n^^^^i23)-^ i]^^}:^3.S. o]-%.t}c^ 71:^(21)^ H^^l 

(27)« ^^^*>^ ^^-i- ^^tbc]-. B^^1(27)-l- ^^^*>^ 71^ 

:iL(HBr)l- <^l-g-s:>^ iE^* H^^l(27)^ ^^M^ S^-^:E.4:£(A1)1- 2:^^>^ ^U^ 

^13^;^1 ^^A] oi-g-^v 7>>i» ^]7]^}7] ^tb >114^;^1S. ^A^€^-. <^1^^^ 
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1020030043071 W^ 'U^}'- 2003/10/30 

<5i> ^11^7^1^, 40sccm^ a-^5|-^^(HBr)» 5E.f-Br>^ 7}^^ S.^^}^ ^^7}^S. ^ 

^ CF^Hefil ^^7}>i# o]^^c^ ^^^}JL, m^^:^]^ o.^ B^^l(27)» ^^j^Vfe ^1 

<^11- ■i-<H, ;^l3^7^1^ HBr/Cl2/02/HeS] ^^7>:il- ol-g-^bcf. ^l4^7jl^ ^IS^;^!^! 

%^^^7W^ ^^^7}^^: ^]7]^7] ^ CF4/02/Ar/He5l ^^7>i« oj^tl-i^. 

<52> tj>sq- B^^l(27)» ^^^*>7l ^^^^] B^^1(27)S1 ^^uis;) 

2]-£(Al)^ 30°~60°^^£^ ^^^1^. ^. 71:^(21) tflBfl 30°~60°^£S- w] 

<53> tq-^-^S-, £ 2c<^l ^o], ^7>S. H^^l(27)# <5^z^-^>^ ^^s]^z^(Light 

Etch Treatment; LET)-^S. isotropic etch)^ ^M, ^^^^^ 

CF4/02^ ^^7>>^1- oj-g-^l-a^ ^^^}^ ^3.^^ ^£(A2)* 50°~80°^§-^S- ^^^t!:^-. 

<54> o]s\. ^7} -^«J-A^ ^z]-^ B.^^l(27) ^z^-^l ^^A^^ ^z]-^^^* 

^^lofl ^^uio^ B^.o.^z^-£(A2)» SO^-SO'S. ;^lcHt!:^. "^l^^, 7M 
^ H^^l(27)^ til^ll 30°~60°5l z^^S. ^^B.^ ^^^}^ ^^^-^ ^7] 

H^^] H^^1(27) ^^Mo] B^o.^z]-i(Ai)l- ^^V^lTfl ^^^^ ^ ^cV. 

<55> £ 2d«^l S.^]^ ^^1, ^^^Sl-* ^*5^><^ H€^l(27)^ #^<^1 ^^'t]:5l-^-(28)^ 

^A^t!-^-. '^M, ^^^*>7l ^t!r 900lC~1000rs1 ^JE^^<^1>H 

^5)-(dry oxidation)* <^l-g-*}-«^ GOA-lOOA-^^lS ^^^^^(28) ^^^<^1 ^ 

5l-^ = z]-£(A3)fe 85°~ 90°S. ^l^HtlrCf. ^^^arSKwet oxidat ion)<Hl 
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<56> IE. 2e<^l ^<^1. ^51-^(29)* ^^htb ^. ^<^]^^S^^(29) 

-a-ofl H€^l(27)» S.-^ ^Mi^^^V^l Jl'S-t^El-^pl- ^<?^^(30)^ 

^ ^^<J-5|-^H28)^ ^^-§-^<Hl cfltfl 7>;^lJE.S. ^^^:^] ^^nf. 

<58> ^l^«flA-l, 341^Al-5)-B^-(22)^ ^^^l7l* H^^1(27)<^1 ^<^B]-(30)o.^ ^ iii^>^5^ 

^1-* ^^^tl:i=1-. S^^l(27)^ ^^-^1:^^(28)^ ^^17]- H^^l (27)^1 ^■ 

<59> S. 2g<^] S.^]^ ^o], i3^-t]:2|-^(31)^ :?i<^<+2|-^^S ^^^^ ^ ^^^1}-^^ 

^ ^tt ol^^^W. ^M, ^3.^^s^^i31)^ 850°C~ 1000°C^ 

50A~150A -T-^lS ^^^^4. 

<60> cf^<^l, £ 2h<Hl w>sq- :g-ol, i^-^-a-^^CSl)^ ^]7]^IL, 7]]o]^^^^i32)^ 

^^A>5).i^ o.^ ^^;g.Al^rf. olnfl, 7jlolH<:>5|-^(32)^ 850^- 1000 "C^ ^^^^^V^^, 

<6i> :^3[^o_s., i3^>a:5|-^-(31)2l- 7ll<:>lEA>5|-q-(32)^ o] -g-3r>S.S>>^ 

^ 90° S -^^l^l^c]-. 

<62> Wl-SV :y-ol ^rt^^l^ ^EflollAl 7llolH^2}-B^-(32) 
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<63> £ 3a^ ^ ^^^<^1 H^^l e1-<^lM^5l-^ ^^^^ ^91 

o] B^^l^ ^^M^ ^S. ^^1- ^Ml^l S.^]^ ^'^<=>]Jl, S. 3b^ ia^-yrS}-^ ^ Til 

olEA>2|.n^ ^^O] ^^51^ ^<?V^ H^^l^ ^SM^ ^S. ^^fl^l £Altb 

-^Ml^oicf. zLelJi, £ 3c^ ^^^^^ -ar^l-^^ -^^1 M-^^d i'a^li^V. 

<64> £ 3a<Hl :£Am wV^q- ^o], E^^i <i=l2^-(Bl), :f^-lel^z^-(B2). H^-^lM^sl-^ ^^^(B3)<^1 

B^^l^ ^^^i^ 45°, 75°, 90°S ^^^nl-. 
<65> H^JL, S. 3b<Hl ^<^1, #2}-(B4) ^ 7llol3A].^oV ^a}-(B5)ol 

^^^1^ ^91 H^^l^ 90°* 71^ -^^1*>J1 ^^1 ^suj^ el-^^ ^Efl7> ^ 

^. ia^^Sl-Bl- ^2l-(B4)2l- 7llolE>^V5l.n|. ^3V(B5)ol ^^A>5}.i^ O.^ ^^SlS-S. ^1 

sl-'^o.s. :5l^^«ll v^^, S. 3c<^l £Al^ tiVsq- ^oi, B^^l^ ^^^^il ^^^sl^ -J+S]-^*^ 
^^l(d)7> ^^1- ^7l-^>Ji, o]^ a-^E ^^J-^ ^isl-Al^l^ jLsq-l: <a^cl-. 
<66> ^ i^t^o^i B^^l ^^^1 z^£(45°, 30°, 90°)» ^^^}7] ^tlr ^2^- 

WliEtV 

<67> 
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600W 
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600W 
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<68> BARC^ ^^>«J-^1^ Nit^ 3fl:E.^5|-^ Nit OE^ ^B.^ 

^ 2^^, B/T(Break Through)^ ^><d^5|-^ M/E(Main Etch)^ ^^^-y H^^l 

S/E(Soft Etch)^ H^^l^ ^^2^3i:^-^ ^n^^. 
<69> siofl rt|.5.^, ^z^-2::?i^oflA-l B^^lSl r^^7\] ^}7] 
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<70> ai^ #2:^>^, 3ifl^^^Bi-o| j7|.:£Xjz^- ^;^l(Nit OE)^ ^-f-^^S. 88mtorr, 600W, 

SOsccm^ CF4, SOOsccm^ Ar S^^isl-oiiA^ ^^^V^l, 0". 10", 0"S. ^e]5>a^ 

^IS] ^^ui z^-z^ 30°, 45°, 90°^ ^^^W. 

<7i> <^l-g-^ ^^^T^KHBr)^ lOmtorr, lOOOWsC^^^}-^^ ) , 

275Wb(«>ol<H:^s^-^^), 40sccm^ HBr, lOtorr He, 20 1C 2i:?i*Hl'H ^^1^>^. ^1^^ 5", 

0", 0"S. ^el5>o^ H^^l^ z^-s.* Zl-z| 30°, 45°, 90° ^^^tbcf. 

<72> zz.e]Jl, ;^><=^'^^^i- ^]7] ^7^1 (B/T)^ ^-i-^^S lOmtorr, 600Ws, 90Wb, SOsccm^ CF4, 

lOtorr He, 20°C 2::?l^Hl^i ^*Ss>5], <biz]- a]^^ O", 7", 7"S. ^el*>o^ H^^l^ ^^i-i . 
z|-£.» 4z^- 30°, 45°, 90° ^'^^t!:^. 

<73> S. 4a^ Sl^ S^<^1 H^^l^ 30°S ^^^tl" ^-f^ ^>^<:>lJl, S. 

4b^ ai^ S^<=>fl H^^l^ ^Si-i 45°^ ^^^^ ^-f ^ ^V^'^l^il. £ 4c^ S.1 

3:^I<^1 fi^^ll H^^l^l 90°S. ^^^t!: ^-^^ ^}^<=>M. 

<74> ^5^. ^oi, H^^l^ 2q-:£» cfeTfl >H1<H^ 9X^ ""Jr"^-^ ^z^- 

<75> ^ z]-:£7l- 30°~60°^^-£^ ^^^tt ^, 

^^2^(LE1)^ ^^*>c^ z^-£.7> 50°~80°^^S.7> 
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<76> £ 5a vfl^l £ 5c^ B^^l ^^^] ^3.1^ 45°^ ^^^^ ^ ^^]^^^ ^ ^<>] 

M-^^ ^v^'^m-. 

<77> ^^tt ^^2:^ 'HI ttj-s^- ^^^*><^ 45° ^^^^>JL(S. 5a), 

Z^-:^^Bl(LET)» 14"-^<?> ^^Isrl-ci^ ^^u] z]-^.* 75° ^^^^H(:£ 5b), ^^l"^^^ 
tbcf(£ 5c). ^^^^^-^ ^^^}^ ^-f H^^lst) ^sui7> e)-^:^(round)«l]^m Jl 

<78> o]o]l yVsfl, £ 5d<Hl £^1^ y3}2\- ^o], :f^^s]A^z]-^ ^^e^t!: ^ 

<79> £ 6a^ S. 5cS] ^^v:^ sflc^^Bl-^ ;jll7lt!: M-B)--^ A>^ol 

£ 6b^ ^^^^^ M-^Hfi ^>^<^lo^, £. 6c^ TflolH-jOrsI-^ ^^^^^ 

<80> iE. 6a i^^l S. 6c^ ^>^<H1 4^^, S.-^B. ^S2}-^o] ^^^.^^s]-^ ^ 711o1S^2}-bV 

7<HlAi. 7>^5)-S^ ^^^2:^* 4^5)-^^ M-Bf^cf. 
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<83> i 7<^1 i^l^ y^}9\- ^o], ^^^el^z)-ol ^a>^ ^-f(w/ LET. 'O')^ ^^^"^ 

^^.2]. ^^^elAiz^o] ^^e^^ ^-?-(w/o LET, ^l-o]^ ol^^l^Vcf. 

<84> :£ 8^ 5r(j = :g^^ iE^:^o:) ^a^<^^^ ^^1- S-^ltb £ 8<Hl>^i , 7>S.3|-5. 

^ M-Bl-tflJL, ^-^^'^^ i4Bf^t:f. 

<85> :£ soil S.^]^ ^o], H^^l^z^-dSO etch), el^4(LET) , &|-om^2j-n]- #2}- 

(Nit. dep) ^ 4:^^S^-aj- rfiH^(Nit. strip) ^^J^V^l ^^V ^^^'^'^^^l 1476. 3A, 1387.3 
A, 1311A, 1208A-^S. ^±.t}^7}, st^^^^^ ^^^:^d\] ^S^'ilrsl-^CVt sc 

ox.) ^ 7l]olH<a:5|-al-(gate ox.)<^lAi^ ^^j*^^^*^! '^3^-71- ^cf. ^, 

<86> ^ ^Vt^o;) 7]# A>>^^ Aj.7l «>^^^ ^ A] oil 6)1 ^^l^^S 7l#£l5i-^M-, ^^7lt!: 

^AHl^ n. ^4^^ ^<>1H ^ ^Itb^ ^ol o>i^^ ^oi^l-o^ci: ^Vcl-. stb, ^ ^^'^ 
[^^^1 jLuil.] 

<87> ^ ^'^^ H^^l^ ^^m- 2l-^:^a^>7ll ^^H^l-SS.'H S--fH sl^^^l- 

<88> sEt!:, ^ H^^l ^zl-^ ^Ajzj-^^e|S. ^^§>s.S>M) ^zl-^^^^ ^^^1 ^HlTl^V 
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[^^IJ- 11 

^7] sfljBf- nm-^ v}^3.s. >^>-§-^><^ ^7] «v:£^i 71^^ a^a^ <^2^-*>«^ H 

^7] ^^^^^ ^<=^ el-^^m^^^* ^^^^>^ ^^1; 

1- JL^^^l-^ ^^^^ iii^V^ ^^>^el^ . 

^7] H^^ii- ^^^^>^ 
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3] 

^7] B€^i« ^^^^m ^^1^. 

^1-51-^:^11- oi-g-^H ^^^>^ ;^li^^l; 

^7] ^11^;^!^ ^V^<lV5|-^^ CF4 7}^^: '=>]^^}c^ 47]^}^ ^]2^n-^ 

7^113^;N1^ %^^^7W^ <gi5l7>^» >117^^>£^ CF45i^- ^i7>>i# i^^m 7} 

^1- '^i-s-^v*^ 

«o^^. 
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6] 

4^7] -i-^J-^^^^z]-^. CF4SI- 02* 7>^# <^1^^1-^ ^^^^ 

[^^^^J- 71 

I^^ll- 81 

^17%H1 ^ol^i, 

^71 ^l-i^^a:^^. 900TC~1000t:^ ^£<^1>«-i ^Al*>oi ^7l 60A~100A 
[^^1]- 91 

7]^ ^i^l^ ^^*>^ ^^M7> 21-^:^^ H^^ll- ^^^^>^ ^^1; 
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^7] ^vs^fl 7]:^ ^<=^] ^^^s^V^ ^;^]; ^ 

10] 

^71 ^>3}n^-^ ^^^S>^ ^Til^, 

>a-7i «>:£^i 7i:& ^<^i ^tb ^^^^>^ ^t^i; 

^7l ^S^^VSI-^^ ^Til ; ^ 
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[^^IJ- 11] 

[^^^1- 12] 

>^7l ^^^^^1-^ 900 r ~ 1000 "C^ 60A~100A ^^S. ^^^*>^ 

13] 

^>7l ^iH^-yrsI-^-^ 850t:~1000r^ ^£<H1>H 50A~150A ^^^^>^ 
14) 

>a-7l 850°c~iooo°c^ ^£<^l^i ^^^^m ^^-^S ^ 
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151 

^7] ^aui7> el-grJB^ H^^l* ^^^sV^ ^^1^, 
16] 

m^^m ^^^^V^ ^^1^. 
w.^5j-^:t# ci-g-s^H ^^^1-^ ^11^711; 

^y] ^11^^14^ ^S^^^ ^V-^l^sl-s]-* CF4 ^1^1 ^12^:^1; 

;^113^;^1^ ^^a1^^7l^Sl «gdb7Vi» ;Hl7l^l-£^ CF45q- ^dt:7l-:il- i^5>^ 7} 
<^l-§-^H ^^^>^ ^14^^1 

» i^*>^ 0.5. aV^^l ^7.}^ ;tfl2: 
171 
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181 

^oM H^^l^ ^^M^ 50°~80°^^^S. ^l^H^v^ ^ 

19 J 

^oM CF4Sq- O2* i^^m n^M: ol-§-*>^ ^^S^V^ M.^o_s, 
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